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Executive Summary

Following the successful completion of the North Anna Power Station 316(a) Demonstration
in 1986, Dominion (the Company) agreed to continue selected environmental monitoring studies on
Lake Anna and the North Anna River. Correspondent with the recommendations in the three-year
review of post-316(a) studies for 1989-1991, the Company requested and was granted a reduction
in certain of the monitoring programs by the Department of Environmental Quality (DEQ). The
revised annual study program was to be continued with a review every three years for possible
revisions or changes. This report represents findings from monitoring programs conducted during
2000, the third year of the three year study period and a review of the 1998-2000 data.

Station generation for 2000 was again outstanding with levels reaching the highest yearly
average for capacity since 1978 when the station began commercial operation. Water temperature
and fish community data for 2000 both in the lake and downstream were similar to historical data.
For example, numbers of fish collected in lake electrofishing surveys in 2000 were similar to 1999
and within the historical ranges. It was theorized that low lake levels in 1998 concentrated bluegill

sunfish Lepomis macrochirus at several sample sites resulting in the relatively large numbers of fish

collected that year. The sampling for 2000 occurred at or near normal lake level. Numbers of fish
collected by gill netting in 2000 were higher than in 1999 but similar to historical data. In 2000,

Lake Anna anglers reported 72 citation largemouth bass Micropterus salmoides (greater than 55.9

cm in length or 3.6 kg in weight) ranking Lake Anna as the third best trophy bass lake in the state.



The 2000 hydrilla Hydrilla verticillata survey indicated a decrease in écreage both in the lake

and Waste Heat Treatment Facility (WHTF) when compared to 1999 totals. Further, hydrilla in both
the lake and WHTF was represented by plants 10 to 20 cm in length with limited vertical shoots and
minimal biomass.

In the lower North Anna River, the total number of fish collected by electrofishing in 2000
decreased relative to 1999 at all four sampling stations and were in the lower range of totals reported
for the period 1981-2000, most likely due to a missed survey in September of 2000. Underwater
observations of largemouth bass and smallmcuth bass in 2000 again showed largemouth bass to be
more abundant in the upper reaches of the river below Lake Anna with smallmouth bass more
abundant in the lower reaches.

In summary, the data indicate that the lake and river downstream of the lake continue to

support diverse and healthy fisheries.
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1.0

Introduction

In 1972, the North Anna River was impounded to create Lake Anna, a 3885 hectare
(9600 acres) reservoir (lake) that provides condenser cooling water for the North Anna
Power Station (NAPS). Adjacent to Lake Anna is a 1376 hectare (3400 acre) Waste Heat
Treatment Facility (WHTF) that receives the cooling water and transfers excess heat from
the water to the atmosphere before discharging into the lake.
Aquatic monitoring studies have been conducted on Lake Anna since its inception.
In January, 1984, the Company initiated an extensive Section 316(a) demonstration study
(P.L. 95-500) to determine if proposed effluent limitations on thermal discharges from the
power station were more stringent than necessary to assure the protection and propagation
of a balanced, indigenous community of shellfish, fish and wildlife in Lake Anna and the
lower North Anna River. The final report (Virginia Power 316(a) Report 1986) successfully
demonstrated that the operation of the power station had not resulted in appreciable harm to
the biological community. The Virginia Water Control Board (VWCB) accepted the study
as a successful demonstration in September, 1986. |
Subsequent to the 316(a) study, the Company committed with the VWCB to continue
environmental monitoring on Lake Anna and the lower North Anna River as part of a post
316(a) agreement. Also, following each three year period of data collection, a summary
report is provided with recommendations for future studies. This report presents the findings

for calendar year 2000, and a review of the three year period 1998-2000.



2.0

3.0

Station Operation

North Anna Power Station (NAPS) operated at an average of 94% of capacity for
2000. This represents the highest yearly average for the station since it began commercial
operation in 1978. The station operated at 84% and 91% of capacity for the first quarter and
second quarter respectively and 100% for the third and fourth quarter. The Station’s Unit
1 was shutdown in March for a scheduled refueling outage after completing a record run of
522 days on line. This outage resulted in the lower capacity during the first and second
quarter. There were two other short station outages during this period (Table 2.0-1). An
average of 91% capacity for the period 1998-2000 represents the highest three year
percentage since the station began operation allowing NAPS to continue as an industry leader

in low cost generation.

Lake Anna

3.1 Temperature

Methods

Lake water temperature data in 2000 were collected using continuous monitors (fixed
temperature recorders) and instantaneous field surveys. Continuous temperatures were
measured using Endeco model 1144SSM and Onset Optical Stowaway temperature recorders
which measure and record the water temperature at one hour intervals at seven (7) stations
in the lake and three (3) stations in the WHTF. These instruments were located one meter

below the lake surface at the stations depicted in Figure 3.1-1, the lone exception being



Station NALST10. The instrument at this station was located at a depth of three meters to
account for the turbulence associated with mixing. A summary of the data recorded by these
instruments for 2000 is presented in Table 3.1-1 as monthly means of daily high, mean and
low temperatures.

The instantaneous temperatures were measured using a Yellow Springs Model 3000
T-L-C field temperature instrument. Temperatures were measured quarterly at one (1) meter

intervals, surface to bottom, at the stations shown in Table 3.1-2.

Results

The maximum monthly mean of daily high temperatures recorded for the lake in
2000 by continuous monitors was 29.8°C in July at Station NALBRPTT which is located at
mid-lake (Table 3"1 -1). The lowest monthly mean of daily low temperature recorded was
4.4°C in December at Station NAL719NT which is located on the Pamunkey arm of the
upper lake. These 2000 high and low temperatures as well as the rest of the monthly
temperature data in Table 3.1-1 are within the ranges of data reported in previous years.

The instantaneous temperature surveys were conducted quarterly to provide
temperature data to assess seasonal thermal stratification patterns in the lake. Temperatures
recorded in the third quarter and fourth quarter showed little stratification (Table 3.1-2).
During these surveys, surface to bottom temperature differences rarely exceed 2°C in the
middle and upper reaches of Lake Anna. The July survey results show a thermocline at the
9 to 10 meter depth in the lower lake which was not present in the more shallow, upper
portion of the lake. This stratification pattern in the lake is not unusual and is similar to

previously reported patterns (Virginia Power 1986-1999).



Temperatures recorded in the upper, middle and lower portions of the lake for the
three year period 1998-2000 were similar in both range and seasonal pattern. This is
demonstrated graphically for Station NAP719ST, an upper lake location on the North Anna
Arm; NAL208T, a mid-lake station; and Station NALT10, located in the lower lake at Dike
3; in Figures 3.1-3, 3.1-4 and 3.1-5, respectively. These seasonal patterns for temperature

in Lake Anna are consistent with previously reported data (Virginia Power, 1997).

3.2 Fish Population Studies - Gill Netting

Methods

The monitoring of fish assemblage abundance and species composition for Lake
Anna and the WHTF continued in 2000 using the same basic sampling technologies applied
since 1972. Experimental gill nettiﬁg; was used to capture fishes which normally inhabit the
deeper strata of the lake, or exhibit a diel movement to and from the shoreline. Similar to
previous years, 2000 gill net surveys were conducted during February, May, August, and
October at the stations shown in Figure 3.2-1. Experimental gill nets were set near littoral
drop-off areas with procedures remaining unchanged since 1972. Fish collected by gill
netting were returned to the laboratory where all individuals were measured to the nearest
millimeter total length and weighed to the nearest 0.1 gram. Surface water temperature (°C),
dissolved oxygen (mg/1), pH and conductivity (®mhos) were recorded at the time of each
sample collection (Table 3.2-1).
Results

Sixteen (16) species of fish representing seven (7) families were collected in Lake

Anna and the WHTF by quarterly gill netting in 2000 (Table 3.2-2). A total of 710 fish



weighing 288.0 kg was collected from four stations in the lake and two statibns in the WHTF
(Table 3.2-3). The 2000 total (710) was higher than 1999 (670) but lower than 1998 (817),
while gill net biomass in 2000 (288.0 kg) was lower than biomass totals in both 1999 (296.47
kg) and 1998 (360.8 kg). Of the 710 fish collected, 535 (210.1 kg) were collected in the lake
and 175 (77.9 kg) were collected in the WHTF. The February survey yielded the greatest
number and total weight of fish collected representing 31% of the total number of all fish
collected and 38% of the fotal weight of all fish collected, from all stations combined.

Table 3.2-3 also includes the average number and weight of fish collected per net set
for each station for comparison of catch per unit effort by number (CPUE-N) and weight
(CPUE-W). CPUE-N for all stations combined in 2000 was 29.6 fish per net while CPUE-W
was 12.0 kg per net. These values are compared to CPUE in previous years in Figure 3.2-2.

Over the last 10 years, CPUE-N has ranged from 42 to 28 with a mean of 30, while CPUE-
W has ranged from 16 kg to 12 kg with a mean of 14kg. Figure 3.2-2 also indicates that the
size of fish collected by gill net has increased in recent years (1995-2000) because CPUE-N
has decreased during this period while CPUE-W has remained high.

When the catch per unit effort is compared among stations in 2000, CPUE-N ranged
from a low of 17.3 fish per net at the Lagoon 3 Station to a high of 74.0 fish per net at the
North Anna Arm Station (Table 3.2-3). Likewise, CPUE-W ranged from a low of 6.3 kg per
net at the Lagoon 3 Station to a high of 20.6 kg at the North Anna Arm Station. This is
consistent with past data.

Table 3.2-4 presents the relative percentages of species collected in terms of numbers
and weights by gill netting in 2000. The numerically dominant species collected in the lake

was gizzard shad Dorosoma cepedianum, followed by striped bass Morone saxatilis, black




crappie Pomoxis nigromaculatus and white perch Morone americana. These results are

similar to data collected in 1999 and 1998 and are also consistent with other years. The
dominant species in the lake relative to biomass was striped bass followed by gizzard shad

and channel catfish Ictalurus punctatus.

The numerically dominant species collected in the WHTF in 2000 was also gizzard

shad, followed by channel catfish, white catfish Ameriurus catus and white perch. The

weight-dominant species in the WHTF in 2000 was common carp Cyprinus carpio followed
by gizzard shad, channel catfish and white catfish.

Due to their relatively high numbers, gizzard shad have generally ranked high in
biomass catch in both the lake and WHTF. The larger but less abundant channel catfish,
common carp and white catfish have consistently ranked high in biomass in both places with
annual ranking depending on the variation in catch. Striped bass, have consistently

comprised a large portion of the biomass in the lake but not in the WHTF. -

3.3  Fish Population Studies - Electrofishing

Methods

Boat electrofishing was used in 2000 to evaluate the assemblage and abundance of
fish populations which normally occupy the shoreline habitat. The techniques, stations, and
frequency have remained virtually unchanged since 1972. Sampling was performed in
February, June, August, and November at the stations identified in Figure 3.2-1. Each station
is 100 meters in length and normally includes a brush pile except for the dike stations which

are comprised of uniform rip-rap.



All fish collected were either returned to the laboratory for processing or released in
the field, e.g., larger game fish were measured, weighed, and released. In the laboratory, at
least twenty-five (25) individuals per species from each station were measured to the nearest
millimeter total length and weighed to the nearest 0.1 gram. Those individuals over twenty-
five (25) per species were enumerated and bulk weighed. Surface water temperature (°C),
dissolved oxygen (mg/l), pH and conductivity (dmhos) were recorded at the time of each

sample collection (Table 3.2-1).

Results

Twenty-one (21) species of fish representing eight (8) families were collected by
electrofishing operations in the lake and WHTF in 2000 (Table 3.3-1). A total of 5,226 fish
weighing 105.4 kg was collected from the five stations in the lake and the four stations in the
WHTF during the 2000 sampling period. The total number of fish collected in 2000 (5,226)
approximated the total ﬁumber collected in 1999 (5,277) and was lower than the total in 1998
(6,991). Electr-oﬁshing biomass in 2000 (105.4 kg) was lower than that of 1999 (106.9 kg)
as well as 1998 (83.1 kg). In 1998, Lake Anna fell to 2.6 feet below normal pool for an
extended period dewatering much of the shallow shoreline fish habitat. It is thought that
small fishes may have migrated to the rip-rap dike habitat as shoreline habitat declined
during this period thereby inflating electrofishing totals.

Of the 5,226 fish collected in 2000, 2,476 (72.6 kg) were collected from the lake and
2,750 (32.8 kg) were collected from the WHTF (Table 3.3-2). When the data are compared
seasonally, the 2000 electrofishing results are similar to previous years with the greatest

numbers of fish being collected in the winter (F ebruary — 1,610 individuals) and fall (October



— 2,381 individuals) surveys. Typically, in the fall, recruitment of the young-of-year (YOY),
plus the return of fish to shallow water as the weather moderates generally increases the
number of fish available to collection by shoreline electrofishing.

Table 3.2-2 also includes the average number and weight of fish collected per
electrofishing sample for each station for comparison of catch per unit effort by number
(CPUE-N) and weight (CPUE-W). CPUE-N for all stations combined in 2000 was 145 fish
per sample while CPUE-W was 30 kg per sample. These values are compared to CPUE in
previous years Figure 3.3-2. Over the last 10 years, CPUE-N has ranged from 112 to 194
with a mean of 127, while CPUE-W has ranged from 28 kg to 41 kg with a mean of 33.9 kg.

CPUE-N in 2000 was consistent with most previous surveys with the exception of 1998
when large numbers of small fishes were concentrated on the dike stations as discussed
previously. CPUE-W was above average in 2000 and within the range of previous biomass
estimates. It is interesting to note that biomass decreased in 1998 when fish numbers
increased reflecting thé relatively high numbers of small fish concentrated at dike stations
that year.

When the catch per unit effort for each electrofishing station in 2000 are compared,
CPUE-N ranged from a low of 56 fish per sample at the North Anna Arm Station to a high
of 379 fish per sample at the Dike 1 -- WHTF Station (Table 3.3-3). CPUE-W ranged from
a low of 0.7 kg per sample at the Lagoon 3 Station consisting of mostly small bluegill to a
high of 7.6 kg at the North Anna Arm Station (primarily due to the capture of the larger
common carp at this station).

The numerically dominant species collected in both the lake and WHTF by boat

electrofishing in 2000 was the bluegill sunfish (Table 3.3). Bluegill sunfish ranked first in



weight in the WHTF, followed by largemouth bass. In the lake, largemouth bass ranked first
in weight followed by common carp and bluegill sunfish. These results are similar to those
of 1999 and 1998 as well as those in the historical records.

When lake gill netting and electrofishing data for selected species are combined and
examined for size class distribution, the data indicate certain population trends. Similar to
1998 and 1999, young-of-year (YOY) was the predominant size class of largemouth bass
in 2000 although all the three size classes were well represented each year (Figure 3.3-3).
Fewer YOY and intermediate size bass were collected in 2000 than in 1998 and 1999, while
more harvestable bass were caught. Figure 3.3-4 demonstrates a decrease in the relative
abundance of the YOY class and an increase in the relative abundance of intermediate and
harvestable size classes from 1998 to 2000.

Lake Anna ranked third among bodies in the State of Virginia for largemouth bass
citations with 72 being reported in 2000. A citation for largemouth bass is awarded for fish
greater than 55.9 cm in length of 3.6 kg in weight. The lake was also third in black crappie
citations as well with 26 being reported in 2000 (greater than 38.1 cm in length of 0.91 kg
in weight).

Overall, the data for gillnetting and electrofishing in 1998-2000 reveal no major
changes in the lake ecosystem when compared to past data. Lake Anna continues to support

a healthy, well-balanced biological community.



34 Aquatic Vegetation

Methods

Hydrilla is an exotic, submerged, aquatic macrophyte which, in most bodies of water,
has the ability to grow and spread rapidly. The primary method of reproduction is by
fragmentation. Hydrilla also produces overwintering structures in two (2) separate areas of
the plant: tubers, produced by the roots in the hydrosoil; and turions, formed at the leaf axils
of the plant. Each has the ability to produce new plants at the beginning of each new
growing season.

An annual aerial survey is conducted to map hydrilla growth in Lake Anna. The 2000
survey of Lake Anna was conducted in late November. The survey is conducted by
helicopter with personhel from VDGIF and the Company. The entire shoreline of the lake
and WHTF is surveyed to document areas of hydrilla colonization. The locations of
observed hydrilla are marked on a topographic map of Lake Anna and returned to the
laboratory for computerization. The computerization of the data allows the acreage of

hydrilla to be calculated, and also production of maps indicating the location of the hydrilla.

Results

Acres of hydrilla colonization of Lake Anna and the WHTF in 2000 are mapped in
Figures 3.4-1 through 3.4-5. Hydrilla acreage decreased in Lake Anna proper from 113 acres
in 1999 to 94 acres in 2000. A decrease was noted in the WHTF from 35.5 acres in 1999 to
29 in 2000. The totals for 2000 are the lowest since 1995, the year after sterile grass carp

were stocked by Dominion in the WHTF.
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The amount of habitat available for hydrilla colonization in the lake and WHTF is
estimated in Table 3.4-1 as the acreage of reservoir bottom with 15 feet or less water depth.
The acreage of actual hydrilla coverage in 2000 is also presented so that a percentage of
available habitat that is currently present (29 acres) can be calculated. In 2000 only 2% of
habitat available to hydrilla was actually colonized in both the lake and WHTF. This
continues a general decline in total acreage for the lake and WHTF since 1995. The sudden
drop in acreage in 1995 is probably the result of grass carp stocking and also adverse weather
conditions which greatly increased the turbidity in the lake during the growing season that
year.

Not only has the total acreage of hydrilla colonization decreased but also the nature
of the plant itself. The hydrilla plants in 2000 generally consisted of short, stunted plants
with minimal vertical growth and biomass production. This has been the growth pattern
since grass carp were stocked and is attributable to carp grazing on the plants.

To assess the effectiveness of hydrilla control by the grass carp, exclusion areas were
established in 1995 in the WHTF and 1997 in the lake. Exclusion areas are 10 foot by 10
foot square fenced areas which prevent grass carp from feeding on the hydrilla inside. The
low lake level in 1998 resulted in dewatering the exclusion area in the WHTF thereby
rendering it ineffective for hydrilla growth evaluation. This dewatering also affected the
exclusion areas in 2000. Because of the low water hydrilla was present in only three of the
six exclusion areas, two in the main lake and one in the WHTF. Historically, the exclusion
areas have exhibited hydrilla growth inside the fenced area while the area around them has

been devoid of hydrilla plants. This pattern of growth within the protected areas in the three
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areas in 2000 continued and is consistent with the literature in other lakes where grass carp
have been stocked (Webb, et al, 1994).

One observation that can be made regarding the continued decrease of acreage of
hydrilla in 2000 is that atypical weather conditions which interfered with hydrilla growth in
1998, and perhaps continued into 1999, combined with the sterile grass carp seem to be
producing the desired and predicted results, i.e., control of the growth and biomass without

eliminating hydrilla totally from the ecosystem of the lake.

Conclusions
° North Anna Power Station in 2000 operated at the highest generation levels since
1978 when commercial operations began. The three year period of 1998-2000 also

produced the highest average generation level since 1978.

The 2000 water temperature data from the continuous recorders indicated water

temperatures within the ranges of data from previous years.

Thermal stratification patterns measured in 2000 indicated similar stratification

patterns to those in 1998 and 1999 and followed closely previously reported data.

Gill netting and electrofishing data showed little change in the abundance of fishes

and the taxonomic composition of the fish population during 1998 through 2000.
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3.6

4.0

° Based on numbers of citation largemouth bass and black crappie reported by anglers,
Lake Anna ranked as the third best trophy lake for both larg¢mouth bass and black

crappie in the state for the period 1998-2000.

© Overall hydrilla acreage for 2000 decreased in the lake and WHTF with the hydrilla
plants being 10 to 20 cm in length and thereby producing limited biomass. The

overall acreage of hydrilla decreased during the period 1998-2000.

Recommendations

° Continue the biological monitoring of Lake Anna and the WHTF at its present level.

Reduce the lake temperature surveys to twice a year. The data collected continues
to show consistent thermal patterns which have been historically reported. Reducing
the surveys to twice a year will have no adverse effect on the environmental

monitoring of Lake Anna and will fully meet the permit requirements.

North Anna River

4.1 Temperature

Methods
Water temperatures (°C) were recorded hourly at station NAR-1 in the lower North

Anna River during 2000 (Figure 4.1-1) using an Onset temperature recorder. This instrument
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has an accuracy range of £0.5°C. Station NAR-1 is located approximately 1 km below the

Lake Anna dam.

Results and Discussions

Water temperatures for 2000 were highest from June through September with mean
monthly water temperatures 27°C (Table 4.1-1). A maximum temperature of 31.2° C was
recorded at NAR-1 in July and again in August 2000. Historically, maximum water
temperatures have occurred in July or August. A minimum temperature of 5.4° C was

recorded at NAR-1 in January 2000.

4.2 River Flow
Methods

River discharge (cfs) data were obtained from the United States Geological Survey
(USGS) to document tﬁe timing and magnitude of hydrologic events. These events, along
with water te£nperature, are among the most important abiotic factors affecting the
abundance and distribution of stream organisms. Data were obtained from USGS gaging
station 01671020 (Hart’s Corner) near Doswell, Virginia. The station is located

approximately 37 km downstream of the Lake Anna dam at NAR-6 (Figure 4.1-1).

Results and Discussion
The pattern of seasonal flows in the North Anna River has generally been
characterized by high flows in the winter and spring, reduced flows during summer, and

lower flows during late summer and early autumn. This is a pattern commonly exhibited by
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many rivers draining the eastern United States, and is generally reflective of annual rainfall
patterns.

In 2000, North Anna River flows for the period January - March were below the
1998-2000 average with mean monthly flows between 200 and 400 cfs (Figure 4.2-1).
Typical of historical patterns, flows generally decrease from April through June. This pattern
was exhibited in 2000 with the exception of increases due to sporadic rain events in mid and
late April when flows ranged from 1200 — 2300 cfs. The maximum daily mean recorded in
2000 was 2350 cfs on April 18 and was associated with a short-term rain event. Mean daily
flows rarely exceeded 100 cfs in July, August and September and 79% of the daily mean
values calculated for this period were below 100 cfs.

The historical flow patterns for the period from 1980-2000 indicate that summer and
fall river flows are moderately low. A comparison with the 2000 flows for this same period

demonstrates exacerbated low mean flows indicative of ongoing drought conditions.

4.3  Fish Population Studies-Electrofishing

Methods

Abundance and species composition data for the North Anna River fish assemblage
in 2000 were collected during electrofishing surveys. Consistent sampling techniques have
been used in all North Anna River electrofishing surveys since 1981.

An approximately 70-m reach of riffle/run type habitat is sampled at each station
with an electric seine (Virginia Power 1986). Prior to sampling, each reach is blocked at the
downstream ends with a 6.5-mm mesh net. Sampling is conducted by working the electric

seine from bank to bank in a zigzag pattern from the upstream to the downstream end of the
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section. Nearby pool type habitats are then sampled for 10 minutes of effort with a backpack
electrofisher. Fish sampled by electric seine and backpack electrofisher were collected using
6.5-mm mesh dip nets.

Most fish collected are preserved in 10% formalin and transported to the laboratory
for appropriate processing. Some larger fish are weighed and measured in the field and
released. In the laboratory, a maximum of 15 individual specimens of each species is
weighed to the nearest 0.1 g and measured to the nearest one (1) mm total length (TL). If
more than 15 specimens of a species are collected, those in excess of 15 are counted and
weighed in bulk. Electric seine and backpack electrofisher collections are then pooled by
station and survey month for analyses.

Sample frequency for electrofishing is typically once per month each year in May,
July and September. In 2000, electrofishing surveys on the North Anna River were
conducted in May, July, and September. It was necessary to delay the July electrofishing

survey until August due to a rain event.

Results and Discussion

A total of 688 fish was collected from the North Anna River during electrofishing
surveys conducted in 2000 (Table 4.3-1). This compares to a total of 2,258 fish in 1999.
Electric-seine collections were not made in September, 2000 due to high river flows;
however, backpack electrofishing was conducted at each of the four sites. Attempts were
made to reschedule the survey but either weather conditions or available manpower were
problematic. Calculated estimates were made to determine the effect of the missed portions

of September 2000 survey on the overall catch for the year.
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The average number of fish collected by electric-seine during September for the 10
year period is 448 (Table 4.3-2).

This number was obtained by adding all of the totals for September electric-seine
collections and dividing the total by ten which is the number of years sampled. This average
number of 448 then represents an average of what was missed by not doing the September
collections. Adding this “missing average” to the known total of 688 equals a new total of
1,136.

Complete sets of numbers are available for the years of 1990, 1991, 1992, 1993,
1997, 1998 and 1999 (Table 4.3-2). The adjusted number for 2000 of 1,136 compares to the
other years for which complete data sets are available as being in the lower 1/3 of the data
set. When comparing all years graphically (Figure 4.3-1) it becomes very apparent that the
years in which there are missed samples represent the lowest years for total fish collected.

The 2000 collection includes 23'spec—ies and seven (7) families (Table 4.3-3). Over
the past 18 years, 49 species of fish have been collected from the North Anna River with
annual totals ranging from 18 to 32 species.

A common characteristic of stream systems is the tendency for a few species to
numerically dominate the stream fish assemblage (Matthews 1982). Six (6) to 10 species
have accounted for greater than 80 percent of the North Anna River electrofishing catch from
all stations in any year since sampling began in a consistent manner in 1981 (Table 4.3-4).

This trend continued in 2000 with 6 species accounting for greater than 80 percent of all fish
collected. These species were, in decreasing order by numbers, redbreast sunfish Lepomis

auritus, satinfin shiner Cyprinella analostana, redfin shiner Lythrurus ardens, american eel

Anguilla rostrate, margined madtom Noturus insignis, fallfish Semotilis corporalis and shield
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darter Percina peltata. These species have consistently been among the most abundant

species collected from the North Anna River since 1981.

Table 4.3-5 indicates that in 2000, irrespective of missing samples, station NAR-1
yielded the greatest numerical catch followed by, in decreasing order, NAR-4, NAR-6 and
NAT-2. In terms of biomass (total weight) in 2000, NAR-1 ranked first followed by NAR-2,
NAR-6 and NAR-4.

This numbers ranking in 2000 compares to 1998 and 1999 when NAR-2 yielded the
most fish collected. Biomass for all three (3) years is greatest at NAR-1 probably attributable
to numbers of the larger centrachids and eels collected at NAR-1 when compared to the other
stations.

Past surveys have indicated that high winter and spring flows often result in
decreased North Anna River catches. In 1993, the relationships between flow and annual
fish abundance were examined. Based on the results of Spearman’s correlation analysis
(Hollander and Wolf 1973), low late winter/early spring flows tend to be conducive to
relatively high electrofishing catches later in the year, and conversely, the high flows early
in the year tend to result in low electrofishing catches (Virginia Power, 1994). This may
have contributed somewhat to the lower numbers of fishes collected in 2000 when early

spring flows were near the normal high flow conditions for the twenty year period 1980-

2000.
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4.4 Fish Population Studies- Direct Observation

Methods

To further amplify and understand fish population studies in ﬁe North Anna River,
abundance and distribution data for smallmouth bass Micropterus dolomieu and largemouth
bass were gathered via direct observation using snorkel surveys. Consistent observation
techniques have been used in snorkel surveys since 1987 with some variation in sampling
frequency at some stations among years due to instances of high river flow conditions,
electrical storms, etc.

In 2000, snorkel surveys were conducted during J uly, August, and September. Four
(4) stations were sampled twice per month in August and September; NAR-1, NAR-2, NAR-
4, and NAR-5 (Figure 4.1-1). Primarily due to a relocation of our laboratory in July of 2000
as well as the planning, etc., associated with the move, only one survey was conducted in
July as opposed to the normal two (2) surveys. -

Abundance estimation procedures were identical to those employed since 1987
(Virginia Power 1988). Counts of smallmouth bass (SMB) and largemouth bass (LMB) were
made while swimming 100 m transects along the north and south banks of each station.
Transects followed an approximately one meter depth contour.

All bass sighted were categorized by species as to young-of-year (YOY) (<120 mm),
stock-size (120<SMB<280 mm or 120<LMB<305 mm), or quality-size (SMB>280 mm or
LMB>305 mm). In addition to size group, all bass sighted were categorized as to type of
cover being used; bedrock ledge (Ledge), boulders (Boulder), instream woody debris
(Wood), aquatic vegetation (V egetation), or no apparent cover use (Open). Fish had to be

within 0.5 m of a cover object at the moment of sighting to be included in a cover use
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category other than the Open category. Aquatic vegetation was included as a cover type
beginning in 1993 due to annual increases in the amount of vegetation observed from 1990
through 1992, and appareﬁt associated increase use by fish.

During each survey, three successive counts at each station were made at each
bankside transect. Each observer made an independent estimate of the distance that YOY
smallmouth bass (TL<120 mm) could be distinguished from YOY largemouth bass (TL<120
mm) at each station. Lateral visibility at each station was estimated by averaging the
independent estimates of both observers. Counts of smallmouth bass and largemouth bass
were converted to density estimates (number/hectare of bankside channel) to account for
differences in average visibility among survey days and sampling stations. Density estimates
for all smallmouth bass and largemouth bass larger than YOY size were pooled by species,
station,’ and sample year to facilitate identification of species-specific and station-specific
changes over time. Calculations of median density-estimates by sample year and associated
95% confidence intervals were based on Walsh averages (Hollander and Wolfe 1973). YOY
densities were not calculated as it was doubtful that YOY were as susceptible to the
observation technique as were larger fish, due primarily to their small size and cryptic nature.

Cover utilization data from the first of three sets of observations obtained during each
snorkel survey were used to examine differences in cover use by smallmouth bass and
largemouth bass. Data from only the first count were used because it was assumed fish
observed during the first count would be relatively undisturbed by divers, whereas fish
observed on the second and third counts may have changed their positions in response to

divers passing by during the first count.
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Results and Discussion

Snorkel surveys for 2000 were conducted between 0830 and 1429 hours at river
temperatures ranging from 14.7 to 28.8°C and average visibility ranging from 1.0 to 4.0 m.
Unlike previous years, when largemouth bass were the numerically dominant species
observed at the upstream stations (NAR-1 and NAR-2), only at NAR-1 were largemouth the
dominant species in 2000. Largemouth bass numbers observed at NAR-2 were similar to
fish numbers observed at NAR-4 and NAR-5, the lower river stations where few largemouth
bass are generally seen (Table 4.4-1). Historically, largemouth bass have primarily
dominated fish counts at the upper stations (NAR-1 and NAR-2) and smallmouth bass
numbers have been greater at the lower stations (NAR-4 and NAR-5). However, in recent
years, both species have occupied the entire study area. Variability between the north and
south bank at any station appeared to be related to habitat complexity, i.e., fewer fish were
observed along banks characterized by monotypic habitat than along banks with a variety of
habitat types.

Density estimates for largemouth bass and smallmouth bass observed in 2000 for
stations NAR-1, NAR-2, NAR-4 and NAR-5 are compared to historical density estimates in
Figures 4.4-1 through 4.4-4. These estimates do not include young of year (YOY) size fish
(TL# 120 mm) as it is doubtful that the smaller individuals are as susceptible to the
observation techniques as are larger fish. In general, largemouth bass have been more
abundant at the two uppermost stations (NAR-1 and NAR-2) than at the lowermost stations
(NAR-4 and NAR-5), with the opposite evident for smallmouth bass. Largemouth bass
densities at NAR-1 and NAR-2 averaged approximately 37 and 28 fish/hectare respectively

over the study period, while densities at both NAR-4 and NAR-5 averaged approximately
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7 fish/hectare. Conversely smallmouth bass densities averaged approximately 6 fish/hectare
at NAR-1 and NAR-2 with average densities of 17 and 33 fish/hectare at NAR-4 and NAR-5
respectively. These trends have been evident during most but not all surveys. Densities
calculated for 2000 decreased at all four stations (Figures 4.4-1 through 4.4-4). The most
significant decrease was at NAR-4 (Figure 4.4-3) where largemouth and smallmouth bass
median density values, previously 20 and 21.5 fish/hectare respectively in 1999 were zero
for both species. Although largemouth and smallmouth bass are consistently observed at
NAR-4 from year to year, their abundance appears more variable than at other stations. This
has resulted in median density estimates of zero for largemouth bass occurring 7 of the 14
years of record (Figure 4.4-3). Smallmouth bass are generally more abundant, and density
estimates higher, at NAR-4 with the exception of 1996 and 2000.

Hydrilla growth continues to pose problems for observers during the surveys. Low
summer river flows and warm water temperatures provide an excellent environment for
growth of the nuisance aquatic plant. Consequently, each year, the use of the wood structure
is being reduced due to the shoreline patches of hydrilla. Each station has either a north or
south shoreline with its entire length being impacted by hydrilla that typically extends 6-10
feet out from the bank. Observations made during these runs are generally limited to the
outer edge of the hydrilla and open water. Therefore, hydrilla is a factor that is reducing the
ability of the observer to make accurate counts and is thereby contributing to the low median
densities found in 2000.

Observations of cover use by smallmouth bass and largemouth bass are difficult to
interpret without accounting for the availability of various cover types. For this reason, cover

use data obtained in 2000 are primarily presented for documentation purposes (Table 4.4-2).
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When cover use data are pooled for all stations in 2000 (Table 4.3-3) smallmouth bass were
usually associated with wood, boulder, and open water while largemouth bass cover usage
follows a trend witnessed in recent years. With recent increases in the abundance of aquatic
vegetation in the lower North Anna River largemouth bass appear to be shifting from making
nearly exclusive use of woody debris to dividing their use between woody debris and aquatic
vegetation (Virginia Power 1996, 1997, 1998, 1999). Smallmouth bass have generally been

evenly distributed between all cover types and this was again the case in 2000.

45  Conclusions
River flows were lower than normal throughout the year with the exception of several
short-term rain or storm events. Mean daily flows in the summer of 2000 rarely

exceeded 100 cfs with 79% of the daily means below 100 cfs.

° Numbers of fish collected in 2000 by electrofishing decreased at all four stations and
total numbers were more similar to 1989, 1993 and 1996. -High spring flows and

missed surveys contributed to low fish numbers.

Species composition of the 2000 North Anna River electrofishing catch was similar
to previous years with six (6) species comprising 80% of the electrofishing catch in
terms of numbers, and six (6) species comprising 83% of the electrofishing catch in

terms of biomass.

23



° Underwater observations of smallmouth bass and largemouth bass made in 2000 in
the North Anna River from the dam to U.S. Route 1 indicated smallmouth bass were
numerically dominant in the lower reaches of the river and largemouth bass were
more abundant in the upper reaches. However, in recent years, smallmouth appear

to be moving upstream and likewise, largemouth moving downstream.

° Density estimates for both largemouth bass and smallmouth bass at all stations in
2000 were lower than average densities calculated for the entire study period. Dense
hydrilla growth adjacent to shorelines is limiting the ability of observers to see and

count fish and is thereby affecting numbers of observed fish.

Observations of cover use made in 2000 illustrate that smallmouth bass are often
associated with boulder, wood, and vegetation and largemouth bass with wood or

vegetation.

1998-2000 Studies

Data presented in this report and previous reports indicate that the North Anna River
below Lake Anna continues to support a diverse and stable fish assemblage. The taxonomic
composition of the fish assemblage has been relatively stable from year to year, indicating
power station effects are not evident in the North Anna River. The timing and magnitude

of flood events appear to be the largest determinant factor governing fish abundance from

year to year.
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Further, the 1998-2000 data for the North Anna River continues to indicate that the
river supports a mixed smalimouth and largemouth bass gamefish population. The hlstoncal
trend of smallmouth bass Being most abundant in the lower reaches and largemouth bass
most abundant in the upper reaches may be in the process of changing. During the three year
period of 1998-2000, more smallmouth bass have been seen in the upper reaches and more
largemouth bass in the lower.

Comparative observations of cover usage of smallmouth bass and largemouth bass
indicates that both species may segregate when choice of structure or cover is available. The
overall preference for all size classes of both largemouth bass and smallmouth bass is wood
and vegetation. Available wood habitat or cover is increasingly being lost due to growth and

coverage of hydrilla.

Recommendations -
° Over the last 10 years of monitoring, the fish assemblage of the North Anna River
below Lake Anna has remained relatively stable and has been able to recover from
natural occurrences such as flood events. However, because of the recent reduced

flows as a result of ongoing drought conditions no changes in effort are proposed.

Direct underwater observations for smallmouth bass and largemouth bass were
initiated in 1987 to monitor species abundance, size, habitat preference and the
expansion of their ranges. These observations should also continue at the current

level of effort.
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FIGURE 3.4-3 LAKE ANNA LAGOON 1 INDICATING HYDRILLA BEDS IN 2000
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TABLE 2.0-1 Seasonal summary of North Anna Power Station operation (percent of
total Station load) 1978-2000.

Quarterly
Year Winter Spring Summer Fall Average
1978 0 23 42 45 27.5
1979 43 31 44 0 29.5
1980 31 37 53 65 46.5
1981 46 80 67 82 68.8
1982 78 26 19 48 428
1983 53 58 96 84 72.8
1984 76 64 16 66 55.5
1985 87 96 82 62 81.8
1986 75 88 62 80 76.3
1987 92 45 23 47 51.8
1988 75 99 94 97 91.3
1989 47 26 87 65 56.3
1990 98 98 69 61 81.5
1991 63 89 84 92 82
1992 35 80 92 71 69.5
1993 49 83 79 82 73.3
1994 96 91 75 91 88.5
1995 87 64 98 97 86.5
1996 76 98 83 66 80.8
1997 98 80 97 97 93
1998 96 81 85 94 89
1999 97 90 87 93 92
2000 84 91 100 100 94

Quarters at
75-100% 14 14 13 12
cjb/natable2.0-1/xis

52



bbHe

£°12
122
0°€c

TO9AIYVN

814

¢ el
4°S1
€£°91

TO9ATHVN

bHe
0°€1
S° €T
1°51

TO9ATUVN

c'ot1

TO9ATIYVN

"NMOHS 3¥Y 31237700 Viva 40 S¥NOH
1V SI HOIHM OTLSTIVN ¥Od 1d432X3
MO GNVY NVIH ‘HOIH ATIVA 40 SNY3IW

bbhe

1°52
9°S2
c°92

£41HMVN

6T1L

6°LT
€°81
8°81

€J1HMYN

bbL

6°ST
£°91
8°91

£41HMVN

969
8 11
12t
§°cI

£41LHMVYN

1172
¢ 2t
b2t
421

€JLHMVYN

L4 74

L'92
€22
[ 74

C41HMVYN

61L
L°61
c 02
6°02

S41HMVN

bHL

§°L1
0°81
9°81

S41HMVN

969

8°€1
551
0°91

CALHMVN

bhe

9°61
T°s1
L°sT

C4LHMVN

L4742

b 62
L°62
2 0g

TISIAVYN

61L

b g2
0°b2
9°%e

TISIAVN

bbL
b6l
2 o2
6°02

0TLSTVN

81L

0°StT
9°ST
0°91

O0TLSIVN

L1 74
1722
422
£°€2

11d49IVYN

6T1L

L°S1
191
§°91

11dY¥9IVN

bbL

122
8°2¢
§°¢€2

1SIHLIVN

AVH=HINOH 000Z=¥V3A

61L

8 b1
st
9°91

1STIHL1TVN

R DT T T TP IYdV=HINOW 0002=dVIA

bHL

8°22
£°€2
L°€2

TISIAVN

9269
6°LT
c 8T
§°81

TISIAYN

bbL

€702
9°02
4°02

TISIAVN

byl

811
921
£°€T

0TLISTIVN

OTLSIVN

€L

rA R ¢
9°01
0° 11

OTLSIVN

[ 8

L4 74
0°¢€t
LA |
8°'¢1

11dY4IVYN

11dY9TVN

AYVNYEGIA=HINOH 0002=YV3IA

YL
9°6
6°6
<ol

11d4H9IVYN

€

1474

1°et
521
0°€T1

1SIH1TYN

HOYVH=HINOK 0002=4V3IA

969
0°L
€2
L L

1SIH1TVN

519
9°L
VAY]
08

ISTHLIVN

-=== AHVNNVC=HINOW 0002=y¥V3A

1

by,
L 61
b 02
112

ANIIVN

172
¢ ez
822
§°€C

1802TVYN

61L

1°61
92°S1
191

ANITVYN

61L
v b1
X
£°ST

18021V¥N

bbL
8°ct
L §
6'21

INITVN

bhL
L° 1T
et
§°21

1802TVN

969
2°9
69
cL

INITVN

bbH/
9L
8L
0°¢

ANITVN

969
s
b9
e's

18021TVYN

"3IVHVA 40 NOILINNJIVW INIWNHISNI OL 3INA SNISSIW Viva S31VIIANI
FIVIUNS 3HL LV @ILVI0T 34V SINIUNALSNI 11V
YV SANTVA "0002 ONINNG ViVQ JUNLVHILWIL ¥3

Wi "H1d30-AIW

*(SNIST3J S33Y93IA NI) S3IUNLVYIIHIL
QY0J3Y AIXI4 VNNV HLINON 40 A¥VHWNS "T-1°S 314avVi

L4 7 L4 72 SHNOH
§°22 §°22 MO
£°g2 ¢ g NV3IH
1°%2 1% HIIH
AN6TLIVYN 1S6TLIVN 3dAl
6TL 61L S¥NOH
S° 51 9 b1 MO
0°ST1 2 St NV3NW
9°s1 6°S1 HITIH
AN6TLIVN 1S6TLIVN 3dAl
bH. bYyL S¥NOH
¢’ 11 €1t MO
81T 611 NVaW
§°21 §°¢T HIIH
IN6TLIVYN 1S6TLVN 3IdAL
969 969 S¥NOH
-] €9 MO
b9 9°9 NV3W
6°'S 0°9 HOIH
IN6TLIVN 1S6TLIVN 3dAL
L1 72 £€b/ SYNOH
1's c'S MO
€9 b's NV3W
9°9 9°9 HIIH
AIN6TLIVN 1S6TLVN 3dAL
S 9 "ON NOILVLS

53



L7

6°02
9°12
§°¢C

TO9AINVN

02/

9°92
€722
€782

TO9AINVN

bbHe

9°42
b° 82
Y62

TO9ATYVYN

£H/

L°22
9°82
L°62

TO9ATYVYN

02L
£°9¢
1°9¢
0° L2

TO9AINVN

"NMOHS ¥V 0312337102 vivad 310 S¥NOH
1V SI HOIHM OTLSTIVN ¥04 1d43IX3
OGNV NVIH “HOIH ATIVG 40 SNVIH 3dV

bb/

c°He
S°ve
6°92

S4LHMVYN

0eL

9°8c
0°62
q°62

€3LHMVYN

bbl

6°0¢
£°1¢
L°1g

E41HMVN

bHL

708
9°1¢
€°¢c¢

S41HMVN

ocL

1°62
§°62
1°0¢

€41HMVN

L4 72

b g2
0°52
9°92

C41HMVYN

0L

€1t
0°ece
L°2¢

Cd1HMVYN

174

81
bree
0°¢¢

C41HMVN

bbL
¢ €€
6°¢€€
9°ve

C41HMVYN

0L

€°1¢
0°2¢
L°cg

C4LHMVYN

bHL

182
b g2
8°9¢c

TISIAVN

02L

g2t
§°2¢
L°2¢

TISIAVN

bbHL

€£°9¢
9°9¢
LS

TISIAVN

bbL

9°9¢
8°9¢
0°Lg

TISIAVYN

02L

6°£%
C°'be
S° b

TISIAVN

"39VHVG YO NOILONNATYH IN3WNYLSNI OL 3nNA INISSIH Vivad SILVIIANI wdes ¥
AIVAUNS IHL 1V A31VI0T YV SINIHNULSNI 11V
S3NTVA "0002 ONINNG VIVO JUNLVHIAWIL ¥3Q¥0D

L1372
g°2e
6'2c2
b g2

O0TLSTIVN

0cL

17242
§°L2
8° L2

0T1STVN

bb.
¢ le
922
1°82

0T1STVN

L1 7]
§°4c
0°82
9°82

0T1SIVN

02L

6°¢€2
9°62
£°9¢2

OTLSIVN

0T

voL
9°22
6°22
£°g2

11d¥9IYN

Y3E0LI0=HLINOH 0002=YV3IA

02L

0° L2
€742
el

114¥97TVN

U3GWILdIS=HINOH 0002=YV3IA

bHL

9°82
6°82
b°62

11dY¥GIVN

1374

S° 12
8°12
¢ a2

ASIHL1IVN

2L

28°92
122
§°42

1SIHLIVN

bbs

6°L2
£°82
882

ASIHLIVN

1SNINV=HINOK 0002=4V3IA

bbL

6°82
£°6¢C
8°6c

11dY9TYN

02L

¢'9¢
9°92
¢ Le

114YGIVN

€

bb/

9°82
1'62
9°62

ASIHLIVN

AINC=HINOW 0002=¥V3A

02L

1792
9:°92
€742

1SIH1TWN

ANNC=HINOW 0002=UV3IA

1

b/

6°02
¢ 12
9°12

INITVN

02L

L°92
6°592
£°9¢

INITVN

bbe

L°L2
0°82
§°82

ANITVYN

YHeL
£ 12
L°12
1°22

1802VN

0cL

0°42
b L2
8° L2

18027VN

bhe

822
c 82
£°82

18021VN

bH.

842
£°82
8°82

ANITYN

b,

£°9¢
1°92
c'62

18027VYN

2L

rAa 4
6°He
§°9¢

INXTVN

02L

0°92
9°9¢
€722

18027VYN

"H1d3d-AIW

*(SNISTII S3IW03a NI) SIUNLVYIJWIL MO
3Y¥ Q3XIJ VNNV HI¥ON 40 AYVHHNS °(°INODT-T°§ 314Vl

bbe bbl SHNOH
S°61 0°s1 MO
0°02 L) § NV3IH
9°02 6°St HIIH
IN6TLIVN 1S6TLIVN 3dAL
[ 72 2. S¥NOH
9°92 0°%C MO
6°92 L 74 NV3IH
5°92 6°92 HIOIH
IN6TZIVN 1S6TLTVN 3dAL
b/ byl SHNOH
8°92 2 L2 401
¢ L2 9°42 LLE
L° L2 1782 HOIH
IN6TZIVN 1S6TLTVN 3dAL
by, bh. SH¥NOH
6°L2 1°92 MO
b 82 9°82 NVIK
1°62 c°62 HITIH
IN6TLIVN 1S61.1VN 3dAL
02L 02L SYNOH
192 €°92 M0
L°92 6°92 NV3IH
§°L2 L7212 HOTIH
IN6TLIVN 1S6TLAVN IdAL
9 9 "ON NOILV1S

54



b voL bbL bHL bHL bHL 127 bbL 127 117] 1Y SUNOH
801 b g1 6°ST s 12 L1t 821 2'e L9 Lz 8y ) MO
51T 9°ST £°61 L°12 021 TSt - b8 6'8 6L 0'g 9% NVIH

8° 11 6'ST 861 6°12 22t 5'ST 9°8 06 2'g 2's 8y HOIH
TOSAIHVN  S4IHMVN  24IHMVN  TOSIGYN  OTISTVN  LIJHETYN  ISTHLIYN  INITYN  18027WN  IN6TZWN  L1S6TZVN 3dAL
..................................................... YIBWIDIA=HINON 0002=UVIA ----- -~ mmm ..
02L 02L 02L 02z 02 022 02 (Y7 02 0z 022 SUNOH
291 L8 9°91 5°52 9°L1 S L1 £°51 8 bl L°%T £-21 9°6 MO
021 0°61 0°61 1°S2 6°L1 8.1 S°ST 0°ST 6'51 9-21 6'6 NVaK

s L1 261 561 8°52 2 8t 0°81 LSt 2°stT 2's1 621 2- 01 HOIH
TOIAIHVN  S4IHMYN  Z4IHMVN  TOSIGYN  OTISTVN  LLd¥GTVN  ISIHLIVN  INITYN  1802WN  IN6TZIVN  1S6TZIVN 3dAL
..................................................... HIGWINON=HINON 0002=UVIA - - - - m oo __
6 8 Vi ot < 1 2 v S 9  °"ON NOILVLS

"NMOHS 38V 031337700 vivd 40 S¥NOH “3IOVHVA 40 NOILINNATVH INIHNYLSNI OL 3N ONISSIW VIVA SILVIIONI .. V "HLd3A-QINW
AV ST HOIHM OTiSTYN 804 1d3IX3 IIVIUNS IHL LV AILVIO0T 3dY SINIHNYLSNI 1V " (SNISTII S3IFW93A NI} SIUNLVEIIKIL MO
OGNV NY3W ‘HOIH ATIVA 40 SNV3H 38V S3NTVA 0002 INIdNG VAVQ JUNLVHIMHIAL YIQH0IIY GIAXIA VNNV HINON 40 ANVHKNS “CTINOD)T-T € 314Vl

55



TEMPERATURES (IN CELSIUS DEGREES ) MEASURED AT ONE METER INTERVAL DEPTHS FOR STATIONS

TABLE 3.1-2. NORTH ANNA LAKE SURVEY SHOWING

IN LAKE ANNA.
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EASURED AT ONE METER INTERVAL DEPTHS

TABLE 3.1-2(CONT.). NORTH ANNA LAKE SURVEY SHOWING TEMPERATURES (IN CELSIUS DEGREES) M

FOR STATIONS IN LAKE ANNA.
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PTHS

TABLE 3.1-2(CONT.). NORTH ANNA LAKE SURVEY SHOWING TEMPERATURES (IN CELSIUS DEGREES) MEASURED AT ONE METER INTERVAL DE

FOR STATIONS IN LAKE ANNA.
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TABLE 3.1-2(CONT.). NORTH ANNA LAKE SURVEY SHOWING TEMPERATURES (IN CELSIUS DEGREES) MEASURED AT ONE METER INTERVAL DEPTHS

FOR STATIONS IN LAKE ANNA.
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Table 3.2-2. Fishes collected in Lake Anna and the WHTF by gill netting in 2000

FAMILY SPECIES LAKE WHTF
Clupeidae Dorosoma cepedianum X X
Dorosoma petenense X X
Cyprinidae Cyprinella analostana X
Cyprinus carpio X X
Catostomidae Erimyzon oblongus X
Ictaluridae Ameiurus catus X X
Ameiurus natalis X
Ictalurus punctatus X X
Moronidae Morone americana X X
Morone saxatilis X X
Centrarchidae Lepomis auritus X
Lepomis macrochirus X
Lepomis microlophus X X
Micropterus salmoides X X
Pomoxis nigromaculatus X
Percidae Stizostedion vitreum X X
NAO1X35q
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TABLE 3.2-3 NUMBER AND WEIGHT (g) OF FISHES BY STATION COLLECTED BY GILL NETTING
AT LAKE ANNA DURING 2000

STATION * FEBRUARY * MAY *  AUGUST * OCTOBER * TOTAL * CPUE
LAGOON 1 * * * * * *
NUMBER * 27 > 19 * 32 28 * 106 * 26.5
WEIGHT * 15666 * 8857 * 10320 * 17906 * 52749 * 13187.25
LAGOON 3 * * * * * *
NUMBER * 15 * 24 > 20 * 10 * 69 * 17.25
WEIGHT * 5560 * 10058 * 5730 * 3845 * 25193 * 6298.25
LEVY CREEK * * * * * *
NUMBER * 36 * 16 * 28 * 11 * 91 * 22.75
WEIGHT * 36614 * 5614 * 5372 * 2781 * 50381 * 12595.25
LOWER LAKE * * * * * *
NUMBER * 28 * 6> 20 * 16 * 70 * 17.5
WEIGHT * 17353 * 2049 * 6567 * 7013 * 32982 * 8245.5
NORTH ANNA ARM * * * * * *
NUMBER * 98 * 74 * 46 * 78 * 296 * 74
WEIGHT * 17555 * 22411 * 17567 * 24697 * 82230 * 2058575
THURMAN ISLAND * * * * * *
NUMBER * 14 * 29 * 18 * 17 * 78 * 19.5
WEIGHT * 16123 * 17006 * 5065 * 6278 * 44472 * 11118
TOTALS * * * * * *
NUMBER * 218 * 168 * 164 * 160 * 710 * 29.6
WEIGHT * 108871 * 65995 * 50621 * 62520 * 288007 * 12000.3
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Table 3.3-1. Fishes collected in Lake Anna and the WHTF by electrofishing in 2000
FAMILY SPECIES LAKE WHTF
Clupeidae Dorosoma cepedianum X

Cyprinidae Cyprinella analostana
Cyprinus carpio
Notropis hudsonius
Notropis procne

Catostomidae Erimyzon oblongus

Ictaluridae Ameiurus catus
Ameiurus natalis
Ameiurus nebulosus
Ictalurus punctatus

x X X x X X X
x

x X X X

Poeciliidae Gambusia affinis
Moronidae Morone americana

Centrarchidae Lepomis auritus
Lepomis cyanellus
Lepomis gibbosus
Lepomis gulosus
Lepomis macrochirus
Lepomis microlophus
Micropterus salmoides
Pomoxis nigromaculatus

X XXXXXXXX X X
KX XX XX

Percidae Perca flavescens

NAO1X356
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TABLE 3.3-2 NUMBER AND WEIGHT (g) OF FISHES BY STATION COLLECTED BY ELECTROFISHING AT

LAKE ANNA DURING 2000

CPUE

*

TOTAL

* OCTOBER *

* AUGUST

* MAY

* FEBRUARY

STATION

LAGOON 1

70.25
1509.5

127 * 281 *
6038 *

2447 *

41 * 42 *
675 *

2362 *

71 *
554 *

NUMBER *

WEIGHT *

*

LAGOON 3

68.25
726.75

61 * 46 * 107 * 273 *
1395 * 2907 *

965 *

59 *
232 *

NUMBER *

315 *

WEIGHT *

*

DIKE I-WHTF

378.75
3469.25

1515 *
13877 *

693 *
5042 *

*

98
1269 *

130 *

1756 *

594 *
5810 *

NUMBER *

WEIGHT *

*

DIKE 3-WHTF

183 * 681 * 170.25
10000 *

3877 *

61 * 74 *
770 *

581 *

363 *
4772 *

NUMBER *

2500

WEIGHT *

DIKE 1-LAKE

209.75

839 *
12210 *

421 *

4551 *

80 *
2003 *

122 *

2461 *

216 *
3195 *

NUMBER *

3052.5

WEIGHT *

*

DIKE 3-LAKE

154 * 35 * 361 * 683 * 170.75
478 * 2846 * 6056 *

1589 *

133 *

NUMBER *

1514

1143 *

WEIGHT *

*

LOWER LAKE

77
943.5

64 * 14 * 166 * 308 *
306 * 919 * 3774 *

1767 *

64 *
782 *

NUMBER *

WEIGHT *

THURMAN ISLANL *

105.5

422 *
20160 *

301 *
4610 *

19 *

299 *

32 *
1533 *

70 *
13718 *

NUMBER *

5040

WEIGHT *

Il
Ul
It
i
Il
Il
It
It
I
I

NORTH ANNA AR} *

56
7595

224 *+
30380 *

22 +

5253 *

59 ¢
9344 °

103 *

14333 *

40 *
1450 *

NUMBER *

WEIGHT *

5226 *

105402 *

2381 *

145.2
2927.8

467 *
16539 *

768 *
27347 *

1610 *
31656 *

*

TOTAL NUMBER
TOTAL WEIGHT

29860 *

*
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Table 4.1-1 Mean, maximum, and minimum hourly water temperatures
(C) recorded in the North Anna River, at station NAR-1 by month,
during 2000. Sample size (n) equals the number of hourly observations
recorded each month.

NAR-1

Month Mean Max Min n
January 9.8 13.5 54 744
February 9.3 13.1 6.5 696
March 13.5 15.9 12.0 744
April 15.7 18.4 13.4 718
May 221 254 17.3 744
June 26.1 30.1 222 720
July 28.6 31.2 257 743
August 284 - 31.2 264 744
September 2%.3 30.8 23.2 720
October 21.6 28.6 18.7 744
November 17.0 204 9.1 720

December 11.4 14.5 77 744
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Table 4.3-3

- ==famly _ _ _____Species =DNAR-1 _NAR-1 _NAR:4 _NARS
X

Petromyzontidae

Anguillidae

Clupeidae
Esocidae

Cyprinidae

Catostomidae

Ictaluridae

Aphredoderidae
Percichthyidae

Centrarchidae

Percidae

Soleidae

na/xi/042298

Fishes collected from the North Anna River during annual electrofishing surveys,

1981-2000.

Lampetra appendix
Petromyzon marinus

Anguilla rostrata

Alosa aestivalis
Dorosoma cepedianum

Esox americanus
Esox niger

Cyprinella analostana
Hyboganthus regius
Luxilus cornutus
Lythrurus ardens
Nocomis leptocephalus
Nocomis micropogon
Notemigonuxc crysoleucas
Notropis amoenus
Notropis hudsonius
Notropis procne
Notropis rubellus
Phoxinus oreas
Rhinichthys atratulus
Semoatilus corporalis

Catostornus commersoni
Erimyzon oblongus
Hypentelium nigricans

Moxostoma macrolepidotum

Ameriurus natalis
Ameriurus nebulosus
Ictalurus punctatus
Noturus gyrinus
Noturus insignis

Aphredoderus sayanus
Morone americana

Acantharchur pomotis
Centrarchus macropterus
Enneacanthus gloriosus
Lepomis auritus
Lepomis gibbosus
Lepomis gulosus
Lepomis macrochirus
Lepomis microlophus
Micropterus dolomieu
Micropterus salmoides
Pomoxis nigromaculatus

Etheostoma oimstedi
Etheostoma vitreum
Perca flavescens
Percina notograma
Percina peltata

Trinectes maculatus

7

x XX X X

x

x X XX X X X

XX XXX XX >

X X X

X
X

X

x

XX XXX XX

XX XXXX X

XX XX XX XX

X X

X

X

x X X X HK XXX XXX X x

X XXX

XXX X XX

> X x X

X
X

X

XXX XXX XXXX X XX X X X x X x x X KX X XXX XX XX x %

X X X X X

x
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Table 4.3-5 Station total numbers and weights for 1998-2000 in
the North Anna River

1998 1999 2000
Station # weight # weight # weight
NAR-1 373 7138.6 624 7741.0 252  4167.0
NAR-2 635 3646.0 693 2476.0 104  1418.0
NAR-4 338 3448.0 609 3146.0 204 1130.0
283 2287.0 332 2212.0 128 1295.5

NAR-6

NAR2000/sjh/xt
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Table 4.4-1. Number of smalimouth bass and largemouth bass observed during North Anna River snorkel surveys
conducted in 2000. Sample size (n) equals the number of times each cournt was performed in 2000.

Smallmouth bass ' Largemouth bass 2
Station Bank Count n SMBYQY SMB<11 SMB>11 LMBYOY LMB<12_ LMB>12
NAR-1 North 1 5 2 0 2 20 5 4
2 4 1 0 0 24 3 1
3 4 1 0 0 24 4 1
South 1 5 9 0 0 8 4 6
2 4 6 0 2 5 4 14
3 4 4 1 2 7 - 2 6
NAR-2 North 1 5 7 0 0 3 3 3
2 5 4 1 0 5 6 1
3 5 4 2 0 2 3 1
South 1 5 3 1 2 5 2
2 5 1 2 2 8 4 2
3 5 1 2 0 3 6 0
NAR-4 North 1 5 2 6 1 1
2 5 6 1 1 6 4
3 5 7 0 3 1 0
South 1 5 7 6 1 0 2 0
2 5 7 5 3 1 4 2
3 5 6 2 1 2 2 2
NAR-5 North 1 5 3 17 7 0 3
2 5 4 10 5 1 10 1
3 5 2 8 7 0 4
South 1 5 4 2 1 3 0
2 5 3 1 1 3 1 0
3 5 5 0 1 1

' SMYOQY were less than or equal to 120 mm, SMB<11 were 121-279' mm, SMB>11 were larger than or equal
to 280 mm TL.

2LMBYOY were less than or equal to 120 mm, LMB<11 were 121-304 mm, LMB>11 were larger than or equal
to 305 mm TL.
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Table 4.4-3. Cover use by smallmouth bass and largemouth bass in the
North Anna River observed during the first of three counts
made during snorkel surveys conducted in 2000. Data for
observations at all stations are pooled.

Cover Type

Al —=—===—=——— s m e s —— == m ===
Stations Ledge Boulder Wood Vegetation Open
svevoy o 13 2 o
SMB<11 0 2 3 1 5
SMB>11 1 2 0 0 0
LMBYOY 0 0 5 15 2
LMB<12 0 1 6 7 4
LMB>12 0 0 10 6 3
na/x/04/06/98
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